A method of visualization of two-dimensional systems of particles in a large time scale molecular dynamics with application to the domain reorientation process in 2D Lennard-Jones system is presented. The described processing is general and can be used in comparing experimental results of atomic force microscopy with the results calculated using a computer as well as for predicting new phenomena. Domain reorientation process in 2D Lennard-Jones system approaching equilibrium is presented and confronted with the Fourier analysis of the data obtained for dierent initial parameters and at dierent states of aggregation. New border domain features accompanying this process are discussed.
Introduction
Imaging of systems in molecular dynamics (MD) simulations is as old concept as the MD method itself.
The most standard way to visualize the system is to plot circles in the atoms positions. More sophisticated method is to look at the traces of the atoms to have a rst insight into their mobility aspects. Next step in visualization is to create density maps. This idea requires averaging over many congurations that exist in the time proximity. It can be done for short time averages to observe transient eects or the structure in the local densities. Introducing high resolution density maps (HRDM) with large averaging time with pixel color suppression/adjustment to t quality requirements allows a new possibility in analysis. Results of this method turn out to be perfectly suitable for the high resolution fast Fourier transform (FFT) analysis, which is the most reliable tool in studying symmetry of the structures, hence, helping in judging of the stability or the metastable regions in the solid state.
Contrary to the earlier attempts of MD imaging, it lies close to the idea of the atomic force microscopy (AFM) pictures. AFM imaging [1] is a powerful method which within the last 25 years has been successfully used to study the surfaces with the resolution ranging from
10
−10 m till 10 [2] and radial bond orientational correlation functions g 4 (r) and g 6 (r) [3] that allow to nd the type of arrangement. These properties have easily interpretable features if the system is well equilibrated. They become, however, insucient if the system is dynamically changing. By this we mean that they can be time dependent and its properties can be blurred by the time changes. The drawbacks of the above methods can be overcome using density maps of the whole particle system collected at many subsequent instants. The use of the two-dimensional geometry and the systems bounded by a rectangular box (as presented further) provides an additional asset to the visualization.
High resolution density maps
A high resolution density map is created here as a matrix M mn . If the particle system is limited by the rectangle of the volume V = ab, then every element of the density matrix M of the size m × n corresponds to the volume of ab/mn, which establishes the resolution of the computer experiment. The matrix M mn is constructed 
Example
The HRDM method was used for a two-dimensional system of argon particles interacting via truncated and shifted Lennard-Jones potential
where is the depth of the potential well, σ is the distance at which the inter-particle potential is zero; r is the inter-atomic distance, r c is the cut-o radius. Initially the atoms were arranged on 2D simple square lattice with periodic boundary conditions. The total number of the particles used here is equal to 900. All computations were performed in the reduced units with the The size of the matrix M was chosen as 500 by 500, which gives 250000 points of the histogram. Pixel intensity suppression has been used to expose the details of the image.
The resulting ratio of the particles number to the number of the matrix M points is 3.6 × 10 −3 . Small number here is indispensable for the quality of the histogram.
In the subsequent pictures HRDMs and their FFT transforms are presented for liquid (Fig. 1 ), liquidsolid interface ( Fig. 2 ) and solid state (Fig. 3) . The parameters of these particular states examples have been chosen from the density-temperature phase diagram [4] . Whereas for small times the HRDM of the liquid phase has well distinguishable features with the FFT showing a concentric ring without spots (Fig. 1ac) , for longer times it reaches the state for which the HRDM is uniform (structureless). The number of the polycrystalline domains decreases with increasing density; the process is quite sensitive to the value of the density: a small change in density results in very large changes in the structure. A well dened crystalline structure is visible in the area of solid (Fig. 3) .
From the snapshots presented here another important question can be drawn, which concerns the problem of decision whether the system has reached equilibrium level in the simulations. Looking at Fig. 3 
Summary
As a summary future importance of this method should be emphasized. It should be noticed that the described method allows to observe new eects that otherwise may not be possible to detect (like the presented enhanced mobility at the polycrystallinity borders) with the presentation of the single particle conguration (Fig. 5) or by the macroscopic or local density averaging (with results similar to uid case in Fig. 1 ). The method can Applications of the HRDM method may help to cast a new light on the controversial problems. Until now, for instance, there exists ambiguity as far as the existence of the hexatic phase in 2D systems (also the Lennard-Jones system) (see for instance [3] and references therein) is concerned. According to [3] such a phase occurs between solid and liquid state. The hexatic phase described by the Kosterlitz, Thouless, Halperin, Nelson, and Young (KTHNY) theory [58] , is subject to the size eects and stabilizes only when the simulation system is large [3] .
Its presence is indicated by the algebraic decay of the bond orientational order parameter as a consequence of the disclinations. The HRDM seems to be a promising tool to study these eects, however, much more simulation work is needed here. An undeniable advantage of the presented HRDM method is also the full time control of creating maps and the fact that the dierent parts of the image are being observed at the same time. In the case of AFM, even though the ultra-high speed instruments are capable to catch 1000 (or more) frames per second [9, 10] , so being capable to cover the distance of nanometers in nanoseconds, still dierent parts of the picture are taken at a dierent instant, providing averages of dynamical changes at the molecular time scale at incommensurate time conditions. Because of the one instant snapshot rule the HRDM method can be regarded then as a complementary to AFM source of information.
